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Read-only memory cells
Inserzione di opportuni elementi nei nodi della matrice nei quali si 
vuole codificare una dipendenza tra bit della riga e bit della colonna 
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MOS-based NOR memory
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2-bit NOR ROM memory
W1=1  1001
W2=1  0110
W3=1  1010
W4=1  0101
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2-bit NAND ROM memory
 nMOS più conduttivi del pMOS
 WP tutte alte tranne quella che mi interessa nMOS in serie tutti 
accesi 
 la presenza di un MOS spento determina un 1 sulla BL. 
 l’assenza del MOS determina 0 sulla BL. 
Nessun contatto con massa
riduco drasticamente la 
dimensione
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2-bit NOR vs NAND ROM memory 
W0=1  1011 
W1=1  0110 
W2=1  1010 
W3=1  1111 
W0=0  0100 
W1=0  1001 
W2=0  0101 
W3=0  0000 
 Nella NAND non devo connettere tutti i source a massa  circuito più piccolo 
 NAND sono più lente delle NOR perchè ho la serie dei transistor. 
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A “programmable-threshold” transistor
“1” state “0” state
Sposto la soglia del transistor  VT > VDD
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Floating-gate transistor
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Floating-gate transistor programming
0 V
− 5 V 0 V
DS
Removing gate and drain
v. leaves charge trapped
5 V
− 2.5 V 5 V
DS
Programming results 
in higher VT
20 V
10 V → 5 V 12 V
DS
Hot-carrier injection
hot-electron injection 
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A “programmable-threshold” transistor
 Per scrivere 0 nella cella devo aumentare VTN
 Per aumentare la tensione di soglia devo far entrare elettroni 
nel floating gate (FG)  gli elettroni nel FG “respingono” il 
passaggio di elettroni nel canale. 
 Applico VG alte in modo da “attirare” elettroni nel FG e 
permettere loro di oltrepassare l’isolante che separa il canale 
dal FG. 
 Per scrivere 1 nella cella devo abbassare VT  devo 
rimuovere gli elettroni nel FG  applico tensioni VG negative 
 Devo avere dei circuiti all’interno del chip di memoria che 
crea una tensione negativa. 
 La lettura avviene invece a tensioni basse per non andare ad 
alterare l’informazione memorizzata nel FG. 
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FLASH E2PROM
Control gate
erasure
p-substrate
Floating gate
Thin tunneling oxide
n+ source n+ drain
programming
 Scrittura: iniezione di carica per effetto tunnel
 Cancellazione: elettroni caldi
 Scrittura e cancellazione avvengono in due zone diverse
Elena Gnani
Cross-sections of NVM cells
EPROMFlash
Courtesy Intel
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Memory cell reliability
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Data retention: problems
Gate disturb: cells on the word line at large positive VG can 
experience electron tunneling from the channel into the FG 
if not programmed; or tunneling from the FG to the CG if 
programmed. In the former case a logical “1” tends to be 
converted into a logical “0”; in the latter case, the opposite 
occurs.
Drain disturb: cells on the bit line at large positive voltage 
and zero gate bias can experience loss of electrons 
injected by tunneling from the FG into the channel if 
programmed; hence a logical “0” tends to be converted into 
a logical “1”.
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Cross section of a flash-NOR cell 
Courtesy STMicroelectronics
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Writing NOR flash memories
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Erasing NOR flash memories
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Read operation in a NOR flash memory
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Flash memory: NAND organization
Unit Cell
Word line(poly)
Source line
(Diff. Layer)
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Array organization of flash memories
NOR NAND
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Multi-bit memory storage 
 Requires precise control of four different threshold 
voltages, whose standard deviation must be much 
smaller than their average separation;
 A more sophisticated reading procedure is required 
based on comparison of the output signal with three 
reference currents;
 Memory capacity is doubled for a given array size at 
the expense of a slightly-degraded access time 
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Endurance of flash cells 
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Semiconductor memory trends
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Trends in memory cell area
